Groundwater quality in Neke area of southeastern Nigeria was investigated applying multivariate statistical analyses using Statgraphics centurion XVII, ArcGIS 10.2.2 and Surfer 10 software on hydrochemical and bacteriological data from 25 groundwater samples over land cover of about 1283 km 2 , in order to unravel the factors influencing ground water quality. From the correlation analysis, Ca 2+ , Mg 2+ , K + , and SO 4 2-appear to be the main contributors of the ground water (Total dissolved solids, TDS), Ca 2+ shows a high correlation (0.9998) with Mg 2+ , indicating that the two cation are from same source. Factor analysis and cluster analysis reflect faecal matter contamination through onsite sanitary sewage system, leaching of agricultural waste into the groundwater and weathering and dissolution of host rocks. Groundwater flow pattern is local and controlled by topographic highs, weathering and fracturing of the host rock in the study area. Three dominant factors extracted from the factor analysis were spatially distributed by their factor over the study area. From the calculated water quality index, the groundwater quality in the study area is poor and it was attributed to onsite sanitary sewage and agricultural waste contamination.
INTRODUCTION
The study area is Neke and its environs in Isi-uzo Local Government Area of Enugu State (Figure 1 ). It is bounded by Latitudes 6°39 '57.25" and 6°48'37.25"N and Longitudes 7°39'41.98" and 7°50'56. 98"E. It shares boundary on the east with Ado and Okpokwu Local Government Areas of Benue state, Ishielu Local Government Area of Ebonyi state on the south, AkpogaImilike on the north and Nike in Enugu east Local Government Area on the west both in Enugu State. It has a total land cover of about 1283 km 2 , which is within Guinea savanna region of the state. The annual precipitation is about 184 mm. The major towns in the study area include Eha-Amufu, Ikem, Mbu, Neke and Umualor. The population of the study area is about 169,811 (NPC, 2006) . Within the study area, no work has been done on groundwater quality, about 80% of the *Corresponding author. E-mail: chimankpamkenneth2014@gmail.com. population earns their livelihood through commercial agriculture, accomplished by high use of fertilizers, insecticides and manure to enhance crop yield, and these could be a major source of ground water pollution in the study area. Onsite sanitary sewage system and open defecation are the major sewage system in the study area, little or no attempt is made to ascertain the porosity and permeability of rocks, topography, direction of groundwater flow and depth to water table before sitting toilets facilities. Hand dug wells are designed and located without proper site investigation as to ascertain nearness to pollution source centres. The depth to groundwater in the study area is shallow and based on field examination and survey is prone to contamination. Multivariate statistical analysis is applied to areas with multiple sources of groundwater contamination (Steinhorst and Williams, 1985) . Usunoff and Guzman (1989) , demonstrated the usefulness of multivariate analyses in assessing the geogenic and anthropogenic groundwater contamination at Milk river aquifer (Alberta, Canada). Melloul and Collin (1992) , integrated an aspect of multivariate analysis known as principal component analysis with geochemical plots to unravel groups and factors affecting the quality of groundwater in the coastal plain aquifer of Israel. Schot and Van der Wal (1992) , used clusters and principal components analysis of hydrochemical data to unravel the regional impact of geogenic and anthropogenic activities on ground water quality at Gooi and Vechtstreek area of Netherland. The use of multivariate analysis in ground water quality study have received wide attention among the following researchers (Farnham et al., 2003; Farnham et al., 2000; Stetzenbach et al., 2001) , consistent in their findings found out that multivariate statistical analyses can be used to assess groundwater quality and unravel mechanisms affecting groundwater quality. Prasanna et al. (2008 Prasanna et al. ( , 2009 , used multivariate analyses to assess the impacts of sewage and agricultural waste on ground water quality in the Gadilam river basin. High use of metal based fertilizer in agricultural revolution of the government could result in continued rise in the concentration of metal pollution in shallow freshwater aquifers due to surface run off and infiltration mechanism (Amadi et al., 2010) . Donlagic et al. (2007) , stated that uncontrolled uses of fertilizer and pesticides are responsible to contamination of shallow groundwater, they also highlighted that animal wastes harbor pathogenic organisms which contaminate groundwater. Onwuka et al. (2004) , assessed the potability of shallow ground water using parameters of waste derivable chemical components such as nitrate, chloride, sulphate and indicator micro-organism of fecal coliform. Similarly, Omonona et al. (2013) , used principal component analysis (PCA) to identify factors controlling ground water quality in Emene, Enugu State. Ayantobo et al. (2012) , assessed the quality of hand-dug wells and noted nitrate, fecal coliform and total coliform at objectionable levels and that they were pronounced in wells located close to the sewage systems. Omotoyinbo (2007) , stated that the pollution of organic and inorganic waste in Ado-Ekiti is attributed to the location of wells in terms of distance to onsite sewage system and proximity to agricultural waste.
Topography and drainage
The study area shows varying elevation ranging from 250 m in the northwestern part of the study area to 90 m in the south eastern part of the area (Figure 2 ). Due to the high elevation in the northern part of the study area, most of rivers took their source there and flow southwards forming distributaries along their flow paths. The drainage pattern is dendritic (Figure 3 ). The main rivers in the study area are Ebonyi and Amanyi Rivers. The Ebonyi River flows northwestwards to the central part of the study area, where it joins the Amanyi River. The streams in the study area are seasonal.
Water level in hand dug wells, within or close to the streams and rivers occur at an average depth of 6 to 15 m (Table 1) . Some hand-dug wells in the northwestern part of the study area dry up simultaneously with the streams and rivers during dry season. 
Geology of the area
The study area is underlain by the Nkporo and Agwu formations (Figure 4 ). The Nkporo formation of late campanian age is the basal facies of the late cretaceous sedimentary cycle in the Anambra basin. The lithology of the Nkporo formation consists mainly of carbonaceous shales, sandstone and coals within the upper half deposited in lower flood plain and swampy environments. The sediments are normally associated with siderites and pyrites, which are early diagenetic minerals (Reyment, 1965) . The Owelli sandstone is the major sand member of the Nkporo formation. The area is also underlain by the Awgu formation, it overlies the Eze-Aku Shale conformably. The lithology is bluish-grey well-bedded shale interbedded with fine yellow calcareous sandstone and shaly limestone, with a total thickness of 900 m. The strata are greatly folded and fractured (Reyment, 1965) .
MATERIALS AND METHODS
This study adopted the sample survey method which involves direct observation, collection of water samples and laboratory analysis of the water samples, amongst others. A 3-day reconnaissance survey of the study environment was conducted from 18th to 21st of June, 2017. The investigation commenced with the use of global positioning systems (GPS) to mark out the locations of 25 water wells investigated in the study. Four groundwater samples from each well were collected in 1 L plastic containers on 20th to 24th of August 2017 for laboratory analysis. One set of samples was used for the cation determination, the second set for anion determination, the third set for biological analysis and the fourth set for selected heavy metal analysis. Physical parameters such as acidity (pH), temperature and electrical conductivity that change rapidly with time were measured in the field. Total bacteria and faecal coliform counts were determined by using the millipore filtration method. The pH was determined by using a Hach portable pH/ISE meter. 
Physicochemical analyses
Groundwater samples were taken from 25 hand dug wells in the study area, and analyzed for physic-chemical parameters (Tables 2  and 3 ), four selected heavy metals associated with onsite sewage and agricultural wastes (Table 4) .
Bacteriological analysis
The bacteriological analyses were used to investigate the presence of faecal matter derivatives which indicates faecal matter contamination. The Escherichia coli and total coliform counts were the parameters analyzed here (Table 5 ).
Calculation of WQI
WQI was calculated using the Weighted Arithmetic Index method. The quality rating scale for each parameter (qi) was calculated by using this equation:
( 1) where Ci is the mean concentration in each water sample, while Si is the water respective standard. The relative weight (Wi) is inversely proportional to the recommended standard (Si) of the corresponding parameter, was calculated using the equation:
The overall Water Quality Index (WQI) was calculated by the summation of relative weight (Wi) multiplied by the quality rating scale for each parameter (qi) divided by the summation of the relative weight (Wi) as shown in Table 12 . In this study the WQI for drinking purposes is considered and permissible WQI for the drinking water is taken as 100, values above 100 implies low water quality and values less implies good water quality.
The hydraulic head
The hydraulic head data alongside the well's coordinate were used to generate the hydraulic head map. Data obtained from the laboratory analysis were used as variable inputs for factor analysis and cluster analysis to unravel the relationships and factor controlling ground water in the study area. The data obtained from the laboratory analysis where also used in water quality calculation to determine its suitability for drinking and agricultural purposes.
RESULTS AND DISCUSSION

Ground water flow system
On a general note, regional groundwater flow direction is not expected in the area owing to its shaly lithology, patched sandy aquifer and the undulating topography. From the hydraulic head value, alongside the well coordinates (Table 1) , groundwater flow direction is local and is controlled by topographic highs and fractures in the area in Figure 5 , and different colour shades represent hydraulic heads.
Ground water chemistry
Water samples were taken from 25 hand-dug wells in the study area, and were analyzed for major anions, cations and three selected heavy metals associated with sewage and agricultural wastes. The physical parameters, major ions analyzed and selected metals are shown in hydrogen ion concentration (pH) and total dissolved solids (TDS) of the ground water in the study area averaged 5.1 and 210 mg/l, respectively, indicating acidic groundwater. The minimum pH was obtained from groundwater sample at location 6 and 1 (GS6 and GS1, respectively). The acidic nature of the ground water can be attributed to oxidation of sulphide minerals, sulphur contained in the host rocks and the influence of anthropogenic activities (Collin et al., 2018) . The electrical conductivity (EC) of the groundwater varied between 50 µs/cm at locations GS17 and 970 µs/cm at location GS6 (Table 2 ). The variation in EC is attributed to different degree of enrichment in deposition environment during (Table 3) . Generally the low concentrations of the heavy metals reflect majorly geogenic heavy metal contamination of ground water with little or no contamination from anthropogenic activities. The host rocks are associated with siderites and pyrites which are early diagenetic minerals (Reyment, 1965) . The concentrations of the metals are below the WHO acceptable limit for drinking water.
Analyzed major ions
The dominant cations in the groundwater, in order of abundance, are Ca 2+ ˃Mg 2+ ˃K + ˃Na + ( Figure 6 ). The calcium concentrations from hand dug wells range from 10 mg/l in location GS22 to 195 mg/l in GS7 and GS18 respectively (Table 4) . Magnesium ion ranged between 1.65 mg/l in GS5 to 33.78 mg/l in location GS6 .The sources of calcium and magnesium in the water samples from the study area are thought to be from the dissolution of the limestone and shale in the study area. The concentration of Sodium varied from 0.188 mg/l at location GS23 to 113 mg/l at GS12 (Table 4 ). All the samples have sodium concentrations within the permissible limit of 200 mg/l as stipulated by World Health Organization in 2017. The concentration of K + in groundwater varied between 0.59 mg/l at location GS22 to 39 mg/l at location GS9. The sources of sodium in the water samples attributed to host rock dissolution, while the source of potassium is thought are to be from host rock dissolution and/or leaching of agricultural waste. Chloride and phosphate are the dominant anions in groundwater in the study area. The dominant anion in the order of abundance is Cl -˃PO 4 2-˃NO 3 -˃HCO 3 -˃SO 4 2-. Nitrate concentrations in hand-dug wells are lower than 10 mg/l allowable limit for drinking water, with the exception of GS6, CK 14 and GS24. The maximum value is 1.9 mg/l which was recorded in GS6. Nitrate (NO 3 -) has an average of 0.08996 mg/l and ranges from 0.015 mg/l at GS19 to 1.9 mg/l at GS6. The source of nitrate in the study area could be attributed to onsite sanitary sewage contamination and/or leaching of agricultural waste. It also contributes in lowering the pH by forming weak acids (Tetraoxonitrate (v)acid) through oxidation and hydration. In this work, the chloride concentrations from hand-dug wells are within the permissible limit of 250 mg/l for drinking water prescribed by WHO, 2017. Cl -has an average of 143.168 mg/l and ranges from 13.49 mg/l at GS8 to 248.5 mg/l at GS 1. The source could also be onsite sanitary sewage contamination and/or leaching of agricultural waste. The sulfate concentration from hand dug wells, SO 4 2-, has an average of 9.3 mg/l and ranges from 0.64 to 11.92 mg/l at GS15 and GS14 respectively. All the samples are within the maximum allowable limit of 250 mg/l stipulated by USEPA (1994) . The high concentration of sulfate is likely due to dissolution of limestone which underlies the area. It also contributes in lowering the pH by forming weak acids through oxidation and hydration (Collin et al., 2018) .
The distribution of bicarbonate in the study area has an average of 0.4448 mg/l and ranges from 0.16 to 10 mg/l at GS24 and GS15, respectively. The concentrations of bicarbonates are thought to be derived from dissolution of limestone and shale from the study area. PO 4 2-has an average of 10.5203 mg/l, and ranges from 7.749 mg/l at GS16 to 29.981 mg/l at GS1.The concentration of PO 2-in the groundwater could also be attributed to onsite sanitary sewage contamination and/or leaching of agricultural waste. It also contributes in lowering the pH by forming weak tetraoxophosphate (v) acid through oxidation and hydration (Hongbo et al., 2018) .
Bacteriological analysis
Coliforms
Biological analysis of ground water samples obtained from the study area shows significant concentration of coliform (Table 5 ). The concentration ranges from 12 to 260 mpn/100 ml, which is above WHO (2017) standard for drinking water. Coliform concentration in ground water is an indication that the ground water is associated with human waste or animal intestine tract and its presence in ground water strongly indicate sewage contamination (Nan et al., 2018) . Samples collected from GS6, GS8, GS9, GS11 and GS12 have faecal coliform concentration above 0 mpn/100 ml. The sample GS 6 around EhaAmufu College of Education has a the highest coliform count of 2600 mpn/100 ml NSDWQ, (2007) . Environments associated with sewage contamination are breeding grounds for bacterial activities and can be used to identify sewage pollution by testing for faecal coliform (Ocheri, 2006) .
E. coli
The confirmation of E. coli in the ground water sample in the study area also indicates faecal contamination. E. coli concentration in the study area ranges from 01 to 35 mpn/100 ml which is above the 0 mpn/100 ml WHO (2017) standard for drinking water. It source is attributed to sewage contamination.
Correlation analysis
Correlation coefficient is used to establish the relationships between parameters (Danijela, 2015) . It helps to know how one parameter predicts the other. The correlation scores for TDS, major ions and heavy metals is presented and significant correlation between parameters were taken at values equal to or greater 
Factor analysis
Factor analysis is a widely used statistical technique in groundwater studies because it reduces the number of variables and enables the detection of structure in the relationships between variables (Prasanna, 2008) . From the factor analysis of ground water variables in the study area, three factors were extracted with 75.006% of total data variability (Table 7) . Factor 1 represents 40.097% with a factor loading for Ca 2+ , Mg 2+ , K + , SO 4 2-and TDS (Table 8) indicating leaching of the host rock (Prasanna et al., 2009 (Figure 6 ), indicating anthropogenic impacts from the agricultural practices.
Factor scores
From the factor analysis, the controlling factor scores were also used to determine the spatial variation with respect to their location using a factor score of 2 ( Table  9 ). The first factor (Factor 1 ) has a high factor for groundwater samples (GS) at location 5, 12, 15, 16, 18, 19, 20 and 25 , also the second factor (factor 2) has high factor score for ground water samples at location 2, 3, 6, 11, 17, 19, 20, 23 and 24 . The third factor (Factor 3) show high factor score for ground water samples at location 1, 7, 18, 19, 24 and 25. The spatial distribution of factors 1, 2 and 3 are as shown in Figures 1, 2 Factor 2 which reflects onsite sanitary sewage contamination with high loading factor for NO 3 -, Cl, K 2+ , Pb 2+ , E. coli and Coliform count, corresponding to areas with high population density and increased feacal waste generation (Nan et al., 2018) . Factor 2 can be observed to be the major contamination factor in the study area (Figure 8 ). Factor 3 which reflect agricultural waste contamination with factor loading for NO 3 -, Cl -, K + and PO 4 2-show high representation in the north eastern part of the study area corresponding to areas with high agricultural activities ( Figure 9 ).
Cluster analysis
Cluster analysis (CA) was used to cluster the geochemical variables according to their similarities using wards method and squared Euclidean three clusters (Table 10) were observed, the first cluster (NO 3 -, PO 4 2-and CL -) contain the same parameters as in Factor 2 and reflects ( Figure 10 ).
Water Quality Index (WQI)
Water quality index is a scale used to estimate an overall quality of water based on the values of the water quality parameters (Amadi et al., 2010) .
Calculation of WQI
WQI was calculated using the Weighted Arithmetic Index method. The quality rating scale for each parameter (qi) was calculated by using this where Ci is the mean concentration in each water sample (Table 12) , while Si is the water respective standard. The relative weight (Wi) is inversely proportional to the recommended standard (Si) of the corresponding parameter, was calculated using the equation:
The overall WQI was calculated by the summation of relative weight (Wi) multiplied by the quality rating scale for each parameter (qi) divided by the summation of the relative weight (Wi) as shown in Table 11 . In this study the WQI for drinking purposes is considered and permissible WQI for the drinking water is taken as 100, values above 100 implies low water quality and values less implies good water quality (Table 13 ). 
Conclusion
The multivariate statistical analysis results, as applied to the hydrochemical and bacteriological data set in Neke and its environs, southwest Nigeria, gave an insight into the factors controlling groundwater quality. Three (3) principal Factors were extracted from the factor analysis which explains 75.006% of total data variability ( (Figure 6 ), Indicating anthropogenic impacts from the agricultural practices. From the cluster analysis (Figure 10 ), three clusters were observed, the first cluster (NO 3 -, PO 4 2-and Cl -) contain the same parameters in Factor 2 which reflects the influence of fecal waste contamination of the ground water in the study area. The second cluster (Ca 2+ , Mg 2+ , and Na 2+ could also reflect anthropogenic activities. From the correlation analysis, Ca 2+ , Mg 2+ , K + , and SO 4 2-appear to be the main contributors of the ground water TDS. Ca 2+ shows a high correlation (0.9998) with Mg, indicating that the two cations are from same source. The correlation analysis also revealed no significant area. Groundwater flow direction is local and is controlled by topographic highs, weathering and fracturing of the host rock in the area.
